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Abstract 
The present study aimed to investigate the effect of age of acquisition and semantic transparency 
on character recognition in traditional characters. Forty-six university students studying in Hong 
Kong participated in the study. A lexical decision task was employed and the participants were 
required to judge whether the presented character was a real character or not. The result showed 
that age of acquisition significantly predicts the response time and response accuracy, with early 
acquired characters were responded more quickly and accurately than late acquired characters. 
However, the effect of semantic transparency was insignificant. In conclusion, age of acquisition 
effect appears in the early stage of character recognition while the effect of semantic 
transparency is not. 
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Introduction 
The age that a particular word is learnt in a written or spoken form is referred to as age of 
acquisition (AoA). Research has proven that AoA has an independent effect on word recognition 
across different languages and different tasks including reading aloud, auditory and visual lexical 
decision and spoken and written picture naming and spelling (for a review see Bonin, Barry, 
Meot and Chalard (2004). The effect of age of acquisition varies across different languages. 
Research shows that the effect of age of acquisition is larger for less transparent scripts like 
English than transparent scripts like Dutch (Juhasz, 2005). AoA also has an independent effect on 
Chinese picture naming and character recognition (Liu et al. 2007; 2008; Weekes et al., 2007) in 
neuropsychological patients who speak Chinese (Bi et al., 2007; Law & Yeung, 2010) and brain 
imaging studies using fMRI (Weekes, Chan & Tan, 2008). In general, characters that are learned 
later in life take more time to process and activate different brain regions compared to characters 
that are learned earlier in life. However, the effect of AoA depends on the sublexical properties of 
the character including the regularity and the consistency of the phonetic radical (Liu et al., 
2008). It is not yet known whether the effect of AoA depends on sublexical properties of the 
character the level of the semantic radical. Studies show that the semantic radical may have an 
impact on skilled character recognition and in studies of neuropsychological patients with 
aphasia (Bi et al., 2007; Chen & Weekes, 2004). The main aim of this study is to examine the 
effect of AoA on character recognition when the semantic transparency of the character is 
manipulated. 
Ellis and Lambon-Ralph (2000) explained the effect of age of acquisition in terms of 
plasticity of the developing lexical network. They claimed that with increasing maturity, there is 
a reduction of plasticity in the lexical network. Therefore, in early life, words that are learned can 
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be more effectively encoded in the brain and exert a greater impact on the organization of the 
maturing lexical network. However, as the plasticity decreases with age, newly learned items 
cannot be encoded into the system effectively as the network is already organized and dominated 
by early acquired items. Evidence for this proposal can be found in the computational modeling 
work of Ellis and Lambon-Ralph and Zevin and Seidenberg (2002, 2004). In these models, items 
that are introduced early into the training of the artificial lexical network come to dominate the 
development of the lexicon so that items that are introduced later, struggle to make independent 
contributions in the lexicon. 
Some researchers have questioned whether the effect of age of acquisition is due to the 
effect of word frequency. Early acquired words tend to be higher in frequency simply because 
there is more opportunity for the developing lexical network to encounter words that are early 
acquired. The current view is that although AoA is highly correlated with word frequency, 
multiple regression methods and other behavioural studies show AoA has an independent effect 
on written word recognition including the recognition of Chinese characters. For example, 
Weekes, Chan and Tan (2008) found that the effect of age of acquisition is independent from the 
effect of frequency on brain activation using fMRI.  
One hypothesis that has been proposed to explain the effect of AoA across different 
languages is called the “arbitrary mapping hypothesis” (AM hypothesis), as proposed by Zevin 
& Seidenberg (2002, 2004). This hypothesis assumes that the effect of AoA depends on the 
degree of arbitrariness of the input and output system, which is, the more arbitrary between the 
input and output system is, the greater is the AoA effect.  
However, different studies have found that the effect of AoA is also related to some other 
factors that affect character recognition, for example, the family resemblance of the phonetic 
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radical (Liu, et. al., 2008), and the consistency of the spelling to sound mappings between 
orthography to phonology in English (Weekes, Davies, Parris & Robinson, 2003; Weekes, 
Castles and Davis, 2006). However, those studies have mainly focused on the phonological 
properties of the written word and no study has yet examined the relationship between AoA and 
the semantic properties of the written word. The Chinese script offers an opportunity to do this 
because semantic radicals can convey the meaning of the whole character in print (Chen & 
Weekes, 2004). 
 
Characteristics of Chinese Writing system 
The Chinese writing system is a non-alphabetic script, in which the pronunciation of the 
character cannot be directly derived from the orthography. However, over 80% of the Chinese 
characters are phonetic compound characters, which compose of 2 components, namely semantic 
radical and phonetic radical, gives clues to the phonetic and semantic information of that 
character respectively. In many cases, the semantic radical provides a clue to the meaning of the 
whole character. For example, the character 「枝」/tsi1/, refers to the tree branches, consist of a 
semantic radical 「木」meaning “wood” and a phonetic radical 「支」producing as /tsi1/. As 
shown in previous studies, these semantic radicals are processed during character recognition 
(Chen & Weekes. 2004). The predictability of a character meaning given the semantic radical 
contained in the character is a unique feature of non-alphabetic scripts and is only rarely 
observed in Indo-European scripts.   
Su (2009) discussed different cognitive models of Chinese character recognition. Among 
them, identification of radical units is usually the first step in recognizing print. For example, in 
Taft’s (1999) cognitive processing model, characters are firstly identified at the stroke level, then 
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at the level of radical processing, followed by linkage to the lemma, semantic system and 
phonological system; in Klingebiel and Weekes’ (2008) model of reading and writing 
development in Chinese, awareness of semantic component is essential in reading print for 
developing readers. In this model, character processing involves processing of orthographic 
forms, semantic information and phonological information.   
 
Figure 1. Klingebiel and Weekes’ (2008) model of reading and writing development in Chinese. 
 
Various studies have shown that the properties of semantic radical play a role in character 
recognition including the combinability of the semantic radical (Feldman & Siok, 1999), 
frequency (Su & Weekes, 2007) and the semantic radical consistency (Su, 2009). Su (2009) 
showed, using ERP methods, that semantic radical properties were not only processed in explicit 
lexical processing but also prior to character recognition i.e. in activation shown by the 
recognition potential (RP). Of interest, the transparency of the character defined according to 
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whether the semantic radical conveyed the meaning of the character was examined in that study. 
A transparent character contains a semantic radical that can, to a certain extent, represent the 
meaning of the whole character. For example, the character “妹”, which means younger sister 
compose of a semantic radical “女”, which refers to a “girl”. On the other hand, opaque 
characters contain a radical that does not convey the meaning of the whole character. For 
example, “信” which means “believe” consists of the semantic radical “人” which refers to a 
person and is not related to the meaning of the character. Opaque characters differ from 
transparent characters as the relationship between the orthographic form and the meaning of the 
character is less obvious to the reader. There are approximately 88% of compound characters are 
transparent or semi-transparent while 12% of them are opaque. 
Evidence that the semantic radical is acquired early by Chinese speakers comes from 
studies of developing readers. Young children in Grade 3 can generally understand that the 
semantic radical conveys the meaning of some characters (Ho, Ng and Ng, 2003), and thus, it 
can be assumed all skilled Chinese readers have acquired knowledge about the status of a 
semantic radical from an early age. Evidence that the status of the semantic radical is represented 
in the lexicon of the mature reader comes from studies of patients with brain damage resulting in 
acquired dyslexia. Law and Yeung (2010), report a patient with acquired dyslexia, who was 
sensitive to semantic radical transparency. The semantic radical predicted the response accuracy 
as well as the occurrence of semantic error in a read aloud task.  
Some studies on skilled readers suggest that the effect of semantic transparency may be task 
dependent. Chen and Weekes (2004) found effects of character transparency and an interaction 
between semantic radical consistency and combinability in a semantic categorization task but not 
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in a lexical decision task. Bi and colleagues (2007) reported an effect of semantic transparency 
on picture naming in a patient with acquired brain injury. However, in post-hoc analysis, the 
effect of semantic transparency was found due to the imageability of the character instead of 
semantic radical properties. When no significant effects of semantic transparency are found, this 
may due to inadequate control over other factors that have an effect on character decision. For 
example, semantic radical properties conveyed in variables such as character transparency, 
semantic radical transparency and combinability may depend on the age of acquisition of the 
character.  
The regression study conducted by Law and Yeung (2010) found that properties of semantic 
radicals were also correlated to some of other psycholiguistic variables. For example, their rated 
age of acquisition was highly correlated to semantic transparency as well as semantic radical 
combinability while the imageability was highly correlated to semantic transparency, semantic 
radical combinability and consistencty.  
In sum, AoA is assumed to have an independent effect on lexical processing in both 
behavioral and neuroimaging methods. However, it is not yet known whether the effect of AoA 
depends on the relationship between orthography and semantic knowledge in the script. One 
theoretical reason for asking this question comes from the AM hypothesis. If the effect of AoA 
on character recognition depends on whether the mappings between input and output in the 
lexical system are arbitrary (or not), then the relationship between orthography and meaning in 
Chinese is of some interest. Specifically, the AM hypothesis predicts that the effect of AoA on 
recognition of opaque characters will be greater than the effect of AoA on the recognition of 
transparent characters. This is because opaque characters have relatively arbitrary mappings 
between orthography and semantics.   
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Method 
Participants 
 46 students from the University of Hong Kong were recruited for the study, with 28 females 
and 18 males. All participants were native traditional Chinese readers, studying in Hong Kong 
for at least 10 years, with normal or corrected-to-normal vision and no history of dyslexia. Mean 
age was 21 years (SD = 1 year and 5 months). However, data from 5 participants were removed 
from data analysis owing to a high error rate, above 20% error across all trials of real characters.  
Design and Material 
 A lexical decision task was used with two types of items, real characters and pseudo 
characters. Some characters were taken from Law and Yeung (2010). Item types were treated as 
within subject, repeated measure variables and between item variables. A 2 x 2 factorial design 
was implemented, with stimuli varying according to two levels of age of acquisition (early and 
late) and two levels of semantic transparency (transparent and opaque). Classification of age of 
acquisition was based on the occurrence of a character in the Hong Kong Corpus of Primary 
School Chinese (HKCPSC) (Leung, 2002), which is a corpus of characters that appear in primary 
school textbooks. Characters were defined as early acquired if they appeared in the corpus and 
defined as late acquired if they did not appear in the corpus. Classification of semantic 
transparency was based on a binary judgment from 10 independent judges who were all Hong 
Kong university students. They were asked to judge whether the semantic radical in a character 
was related to the meaning of the characters. Characters with agreement equal to or higher than 
70% were classified as transparent stimuli and those below 70% were classified as opaque 
stimuli. Semantic transparency ratings were obtained from 15 undergraduate students in Hong 
Kong, who did not participate in the experiment. Raters were asked to judge the degree of 
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relationship between the character and its semantic radical on a 7-point scale. (1 = lowest 
semantic transparency, 7 = highest semantic transparency), A total of 160 real characters were 
assembled, with 40 characters assigned into one of four independent conditions (early 
acquired-transparent; early acquired-opaque; late acquired-transparent; late acquired-opaque) 
were used as the stimuli in the lexical decision task. Pseudo characters were fabricated items 
with a semantic radical and phonetic radical put together in a legal position but with no meaning 
to Chinese readers. Pseudo-characters did not appear in a Chinese dictionary of traditional 
characters. In addition to the semantic transparency and age of acquisition of a character, other 
factors that affect reaction time in lexical decision where estimated and included for additional 
analyses including: character frequency, semantic radical combinability, imageability and visual 
complexity. These parameters were taken into account for the regression model. Character 
frequency was obtained from an adult database, based on the occurrence of a character in every 
one million characters. Semantic radical combinability was based on the number of characters 
that contain the semantic radical independent of whether the radical was consistent or not. 
Semantic radical combinability was based on Sun Ya Chinese Dictionary (1996). The total 
number of phonetic compound characters of a specific semantic radical was counted. 
Imageability ratings (taken from the same group of undergraduate students who rated the 
semantic transparency) who were asked to judge the imageability on a 7-point scale. Raters were 
asked to judge whether it is easy or difficult to create a mental image of the meaning of the 
characters, which included any visual image, sound or related sensation with a rating of 1 = 
lowest imageability and 7 = highest imageability. A subjective age of acquisition rating was also 
obtained from the same group of undergraduate students who were asked to estimate the relative 
age of acquisition of the written form of characters using a 7-point scale with 1 = early acquired 
Effect of age of acquisition and semantic transparency on character recognition 
 
 
11
and 7 = late acquired. Visual complexity is measured by the number of strokes in the character. 
Table 1 presented some examples in each category of the characters used in the experiment. 
Table1 .Examples of characters varying in semantic transparency and age of acquisition 
  Age of acquisition 
  Early Late 
Semantic 
transparency 
Transparent 
狗 
汗 
詛 
駒 
Opaque 較 
煩 
緘 
揶 
Apparatus and Procedure 
 A standard lexical task procedure was programmed using E-Prime 1.1 (Psychology 
Software Tools, Pittsburgh, PA). The software was used to present the stimuli and record the 
participant’s response and reaction time in milliseconds. A portable notebook (Fujitsu Lifebook 
S6421) was used to present stimuli. 
All participants were seated in a dimly lit room and approximately 70 cm in front of the 
computer screen. The participants were required to perform a block of practice trials before 
starting the experiment. In experimental trials, participants were firstly presented with a fixation 
point followed by a blank screen. After the blank screen, the participants were presented with a 
character that remained on screen until the response was made. All stimuli, with font size point 
100, were presented in white against black background. They were required to judge whether the 
character was a real or pseudo-character by pressing the left or right button on a mouse.  
Participant response time and response accuracy were recorded. The experiment was 
divided into 5 blocks, with sixty four stimuli presented in each block, including breaks provided 
in between blocks and intra-block pauses were allowed in case of any emergencies. Response 
hand was counter balanced across participants. All stimuli and blocks were presented in random 
order.
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Table2. Descriptive statics showing the means, standard deviation, maximum and minimum value of the predictor variables input in 
regression model. 
Character type 
 
Rated 
Semantic 
transparency 
Rated  
Age of 
Acquisition Frequency Imageability 
Number of 
Stroke 
Semantic 
radical 
combinability AoA 
Semantic 
Transparency 
Early Opaque Mean 2.44 2.73 373.22 3.21 13.03 148.18 
 (N=40) SD .47 .89 508.00 .92 4.31 98.31 
 Transparent Mean 5.70 2.20 345.65 5.41 10.98 164.15 
 (N=40) SD .48 .84 603.84 .58 3.57 107.17 
Late Opaque Mean 2.76 5.27 .11 2.51 12.33 149.10 
 (N=40) SD .63 .76 .69 .96 3.96 116.20 
 Transparent Mean 5.16 4.65 .54 4.29 12.79 166.52 
 (N=40) SD .82 .63 2.37 .96 3.95 87.12 
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Results 
 Table 2 summarized the descriptive statistics of the rated age of acquisition, rated 
semantic transparency, adult frequency, imageability, number of stroke and semantic 
radical combinability.  
Mean reaction time and response accuracy for real characters were analyzed and all 
data for pseudo characters were excluded. Participants with overall response accuracy 
lower than 80% across all four conditions were removed. Using this criterion a total of 5 
participants were removed from the analysis. Items with accuracy lower than 3SD were 
removed, and a total of 3 items were removed from the analysis. The mean response time 
and error rate across all participants were summarized in Table 3. 
Table 3. Means and standard deviation of reaction time in milliseconds and error 
rate across 4 conditions 
  
Semantically 
Opaque 
Semantically 
Transparent 
RT (ms) RT (ms) 
Condition M SD M SD 
Early Acquired 558.2567 67.36957 708.9439 103.93014 
Late Acquired 573.2159 70.54365 715.8200 94.35125 
     
 ER (%) ER (%) 
Condition M SD M SD 
Early Acquired 2.3780 2.55876 1.9512 2.65237 
Late Acquired 14.8171 8.29891 16.6463 7.75826 
ANOVA analysis 
 Two-factor ANOVAs on response time and error rate was performed. ANOVA on 
response time data found a significant effect of age of acquisition on response time F 
(1,39) = 338.643, p<.01, with early acquired characters recognised significantly faster 
than late acquired characters and a main effect of semantic transparency F (1, 39) = 4.289, 
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p<.05, with transparent characters recognized significantly faster than opaque characters. 
There was no interaction between the AoA and semantic transparency F (1, 39) = 0.693, 
p>.05. The mean response time for each condition is presented in Table 2. 
Figure 2. Mean response time of real characters in lexical decision task  
 
 ANOVA on error rate data found a significant effect of age of acquisition on 
response accuracy F (1,39)= 194.142, p< .01, with early acquired characters responded 
more accurately. There was no effect of semantic transparency F (1, 39) = 0.759, p > .05, 
and no significant interaction between age of acquisition and semantic transparency F (1, 
39) = 2.38, p> .05. The error rate for each condition is shown in Table 2.  
Figure 3. Mean error rate of real characters in lexical decision task  
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Regression Analysis 
To investigate the effect of factors that may also affect reaction time, a stepwise 
multiple regression analysis was used. Character frequency, imageability, stroke number, 
semantic radical combinability, rated age of acquisition, written age of acquisition, 
semantic radical transparency and rated semantic radical transparency were input as the 
independent predictors.  
The correlation matrix of the predictor variables is shown in Table 3. From the 
matrix, points to note are that the rated age of acquisition is highly correlated to almost all 
of the other variables. Also, imageability, written age of acquisition and rated semantic 
transparency are very highly correlated with each other. This means that early acquired 
characters tended to be more imageable. In the regression analysis, among the predictor 
variables, written age of acquisition, rated age of acquisition and frequency were entered 
into the model. The results are summarized in Table 4.  
Table 4. Standardized coefficient (Beta) and adjusted R2 in multiple regression 
analysis 
Model Variable 
Standardized 
Coefficients   
Beta t Adjusted R2 
1 Rated AoA .823 18.061** .676 
2 Rated AoA .587 7.399** .699 
 Written AoA .284 3.577**  
3 Rated AoA .643 7.825** .706 
 Written AoA .284 3.628**  
 Character Frequency .113 2.250*  
Note: * p< .05; **p< .01. 
From the regression model, the rated age of acquisition accounts for 67.6% of the 
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total variance in reaction time. In the second model, when written age of acquisition was 
taken into account, and the model could explain 69.9% of the variance, when character 
frequency was also taken into account, the model could explain 70.6% of the variance.  
 
Discussion 
 The results lend no support to the predictions derived from the AM hypothesis. The 
AM hypothesis assumes that the effect of AoA on character recognition depends on the 
nature of the mappings between input and output in a lexical network. The more arbitrary 
the mappings between input and output, the greater will be the effect of AoA on character 
recognition. It was predicted that because mappings between orthography and semantics 
are arbitrary for opaque characters and are not for transparent characters, then effects of 
AoA would be greater on recognition of opaque than transparent characters. However, 
although there were effects of both character AoA and also character transparency on 
skilled character recognition, there was no interaction between character AoA and 
transparency.  
In the stepwise regression analysis, character frequency was input as the first 
variable while written age of acquisition and rated age of acquisition were input as the 
second last and last variable respectively in order to investigate the independent effect of 
age of acquisition and semantic transparency. From the regression analysis, rated age of 
acquisition, written age of acquisition and character frequency, were found to be a 
significant predictor of the performance on response time with traditional Chinese
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Table 5. Correlation matrix of predictor variables 
  FRE IMG Stroke COM 
Rated 
AoA 
Written 
AoA Rated ST 
Objective 
ST 
Pearson  RT -.325** -.304** .134* -.004 .823** .773** -.092 -.068 
Correlation F  .135* -.204** .129 -.497** -.415** .037 -.013 
  IMG   -.042 -.006 -.443** -.329** .721** .716** 
  Stroke    -.242** .271** .070 -.116 -.103 
  COM     -.108 .008 .119 .082 
  Rated AoA      .833** -.217** -.194** 
  Written AoA       -.040 -.006 
  Rated ST        .910** 
Note: RT – response time; F – character frequency; IMG – imageability; Stroke – stroke number; COM – semantic radical 
combinability; AoA –age of acquisition; ST – semantic transparency.  
* p < .05; ** p < .01
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characters. This result replicated the experiment reported by Chen et al. (2007), which 
was done on simplified Chinese characters. However, the effect of semantic transparency 
was not significant. 
From the multiple regression analysis, written age of acquisition and rated age of 
acquisition, although highly correlated to each other, showed independent effect on the 
response time. One of the possible reasons behind is that the rated age of acquisition is 
not only a measure of age of acquisition alone. When the participants were asked to rate 
the targeted characters, the meta cognitive analysis took place. From the correlation table, 
rated age of acquisition was highly correlated to other properties, including frequency, 
written age of acquisition, imageability and rated semantic transparency. These properties 
may also affect the decision of judgment of the age of acquisition. On the other hand, the 
written age of acquisition, which measure the age of acquisition of the written form of the 
character from HKCPSC (Leung, 2002) was a more objective measure, the correlation 
with the other parameters was different from the rated age of acquisition. The difference 
may account for the independent effect of the rated and written age of acquisition. 
The result proved that the effect of age of acquisition on character recognition 
appear in the early stage, which was the orthographic representation described in Weekes, 
Chen and Yin’s (1997) cognitive neuropsychological framework of oral reading and 
writing in Chinese. As in lexical decision task, participants were only required to judge 
whether the character was a real character or not, the task involved only the initial step of 
character recognition, which was the processing of orthographic forms. The participants 
were only required to demonstrate the knowledge of the position of different radical 
components but not more in-depth processes. The effect of age of acquisition on tasks 
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that involving semantic processing are worth investigating.  
The regression also showed, when other variables were taken into account, the effect 
of semantic radical transparency “disappeared”. The discrepancy demonstrated that the 
effect of semantic transparency observed was not due to solely the targeted variable. 
Other factors, which included imageability was found significantly correlated to the 
semantic transparency and in turn, imaeability was highly correlated to the response time 
and age of acquisition measure. Therefore, the effect of semantic transparency observed 
may actually due to the measure of the imageability, which also found to be affecting the 
character recognition as observed by Bi and colleagues (2007).  
The result is also consistent with Chen and Weekes (2004), which also showed no 
effect of semantic transparency on lexical decision task. This is quite different from our 
initial prediction from the AM hypothesis, which semantically opaque characters should 
show larger response time than transparent characters. This may due to the lexical 
decision task did not require semantic processing. As AM hypothesis hypothesized that 
the more arbitrary between the input and output system, therefore, when the task involves 
more semantic processing, the effect of semantic transparency may be more evident.  
For further investigation of the potential relationship between age of acquisition and 
semantic transparency, tasks which involve more semantic processes, e.g. semantic 
judgment or semantic categorization task, can be used. Moreover, neuro imaging 
technology, e.g. EEG, was also useful in revealing the effect of semantic transparency 
which cannot be determined by behavioral experiments. 
 In the experiment, there are a few parameters that were not controlled precisely. For 
example, the consistency of the semantic radical, which were found also affecting the 
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character recognition in reading aloud (Bi et al., 2007), semantic categorization (Chen & 
Weekes, 2004) was not taken into control. Therefore, to further examine the effect of 
different properties of semantic radical on character recognition, semantic radical 
consistency should also be taken into account.  
 The frequency of the characters might be too extreme for part of the characters. 
Although all characters were found in a local newspaper, part of them, especially the late 
acquired characters, had an extreme frequency - no occurrence - in at least one million 
words according to the database. This had an effect on the participant’s response accuracy. 
Also, for characters with extremely low frequency, the participants could only recognize 
the orthographic form of the character, but they do not know the meaning of the character. 
Therefore, the underlying effect of the semantic transparency may be affected. To 
improve, characters with higher occurrence should be used. 
 One of the factors not controlled in the experiment was the type of semantic radicals 
used. As in Chinese characters, some of the semantic radicals can be a standalone 
character with discrete meaning. For example, in the character “妹”, the semantic 
radical “女”can be a standalone character which means female. However, some other 
characters, like “複”, the semantic radical “ ” is a simplified form of the character 
“示”(which means “sign”) and cannot be a standalone character. Although the 
underlying effect was still unclear, the ambiguity may caused unclear effect of the 
semantic transparency. 
For the rating of the semantic radical consistency, age of acquisition and 
imageability, only 15 participants involved. The data may not be representative enough to 
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show a normally distributed data set to represent the actual rating. This may affect the 
internal validity of the result obtained.  
 
Conclusion 
 To conclude, the study presented found an effect of semantic radical transparency 
and age of acquisition on character recognition in a lexical decision task. The effect of 
age of acquisition was a significant predictor of the speed of Traditional character 
recognition, characters learnt later in life required longer to recognize. However, no effect 
of semantic transparency was found when the effect of correlated variables was first 
controlled using multiple regression, which may due to the nature of task and the 
characters with extreme frequency. Further investigation can be done on the possible 
interaction between the two factors by using tasks involving more semantic processing; 
or investigating the effect of semantic transparency which cannot revealed by behavioral 
study by neuroimaging technology.  
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Appendix A – Stimuli used in the study and the corresponding value of  predictor 
variable 
item Frequency 
Rated 
Semantic 
transparency 
Rated Age 
of 
acquisition 
Imageability no. of stroke Conbinability 
Early Acquired, Opaque  
例 443.34 2.5 2.1 2.9 8 219 
犯 288.27 2.9 2.7 4.6 5 58 
奸 19.47 2.7 4.1 2.8 6 121 
低 563.21 1.8 1.6 3 7 219 
作 2373.45 3.4 1.4 3 7 219 
始 403.8 2.2 1.9 2 8 121 
法 2310.71 2.8 1.8 3.1 8 355 
型 416.25 2.9 2.6 2.2 9 122 
活 927.03 2.3 1.5 3.8 9 355 
配 331.25 1.9 2.7 3.3 10 49 
唯 97.37 2.2 2.8 2.4 11 316 
條 653.09 2.1 1.7 5 11 219 
猜 23.85 1.9 2.2 2.4 11 58 
紫 60.73 2.8 2.3 5.4 12 162 
著 163.73 2.3 1.7 2.2 12 287 
僅 301.61 1.9 3 2.4 13 219 
煩 52.14 2.4 2.8 3.9 13 92 
聖 177.54 2 2.4 2.9 13 20 
較 674.9 2.8 2.5 2.6 13 46 
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零 199.46 2.8 2.2 2.9 13 30 
漢 200.48 2.3 2.8 4.1 14 355 
綠 116.32 2.4 2.4 4.5 14 162 
億 568.45 2.8 3.7 2 15 219 
佳 369.54 3.1 1.9 3.1 8 219 
劇 501.25 2.7 3.4 3.7 15 54 
緣 106.89 2.4 3.4 3 15 162 
緩 91.58 2.3 3.7 2.6 15 162 
練 406.15 2 2.2 3.3 15 162 
複 143.59 3.4 2.9 3.3 15 51 
輩 50.99 1.6 2.9 2.7 15 46 
閱 55.69 2.9 2.5 4.1 15 42 
獨 263.17 2.2 3.2 2.9 16 58 
錄 400.96 2.9 3.5 3.5 16 213 
融 229.84 2.4 3.4 2.2 16 134 
錯 273.97 1.7 1.5 3 16 213 
醜 63.23 3.1 2.9 5.5 17 49 
職 578.89 2.4 2.8 2.6 18 20 
蠟 14.85 2.7 3.8 4.4 21 134 
驀 0.52 2 5.5 1.8 21 51 
蠻 11.14 1.5 4.6 3.3 25 134 
Early Acquired, Transparent 
叫 283.6 5.6 1.2 4.8 5 316 
打 1185.76 5.4 1.4 5.2 5 269 
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地 3218.27 5.7 1.4 6.2 6 122 
汗 55.2 5.6 2 5.9 6 355 
江 224.62 5.9 1.5 5.8 6 355 
伯 142.86 5.6 1.7 5.9 7 219 
抄 32.33 5.8 1.7 4.7 7 269 
刺 159.12 5.2 2.9 4.6 8 54 
妹 195 6.4 1.3 5.5 8 121 
姑 43.97 6.3 1.6 5 8 121 
拉 593.27 5.7 1.3 5.4 8 269 
狐 11.93 4.8 3.2 5.6 8 58 
狗 140.53 5.6 1.8 5.2 8 58 
恨 38.73 5.4 2.6 3.6 9 119 
柳 15.08 5.4 3.1 5 9 274 
柴 37.14 5.9 2.4 5.4 10 274 
海 1072.24 6.1 1.2 5.7 10 355 
狼 41.7 5.1 2.2 5.6 10 58 
剪 48.49 5.8 2.8 5.4 11 3 
眼 432.54 5.5 1.4 5.6 11 75 
袖 61.98 4 3.1 5.5 10 25 
割 43.82 5.9 2.9 5.1 12 54 
喝 66.29 6.6 1.5 5.7 12 316 
掌 113.73 5.7 2.5 6.6 12 16 
握 87.01 5.6 3.3 5 12 269 
跑 446.47 6 1.7 6 12 93 
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想 823.66 5.5 1.8 5 13 71 
蜂 23.54 5.7 2.7 5.9 13 134 
話 227.91 5.6 1.5 5 13 153 
摸 50.97 5.9 2.6 5.2 14 269 
語 293.62 5.6 2.1 4 14 153 
說 1920.56 6.1 1.5 5.3 14 153 
蝶 21.97 6.1 5 5.9 15 134 
談 285.09 6.4 2 5.1 15 153 
輪 204.29 5.9 2.5 5.4 15 46 
樹 200.22 5.8 1.7 6.2 16 274 
貓 90.74 4.8 1.8 6.2 16 9 
錢 452.87 6.2 2.4 5.9 16 213 
講 429.28 5.6 2.6 5.6 17 153 
蟬 9.66 6.3 4.3 5.6 18 134 
Late Acquired, Opaque 
孜 0 1.9 5.8 1.9 7 23 
沌 0 3.1 5.6 1.6 7 355 
狄 0 1.5 4.2 1.7 7 58 
佯 0 3.5 5.3 1.9 8 219 
侃 0 3 6.2 1.4 8 219 
坷 0 3 4.6 2.5 8 122 
泯 0 3.5 5.1 2 8 355 
剋 0 4.1 4.5 3.5 9 54 
紆 0 2.4 6.4 1.1 9 162 
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耶 0 2.4 2.8 2.1 9 20 
帑 0 2.1 5.6 4 8 43 
烊 0 2.9 5.2 2.8 10 92 
葺 4.36 2.4 5.7 2.3 13 287 
偈 0 3.2 5.4 2.9 11 219 
婪 0 1.9 4.2 1.9 11 121 
梘 0 3.2 5.1 4.8 11 274 
涵 0 3 4.7 3.7 11 355 
淫 0 2.7 4.6 2.4 11 355 
淳 0 3 5.4 1.9 11 355 
烷 0 4.4 6.1 1.5 11 92 
猥 0 2.8 4.5 2.8 12 58 
酯 0 3.8 5.7 2.4 13 49 
孭 0 2.7 5.8 4.8 10 23 
揶 0 3.7 4.8 1.8 12 269 
筵 0 3 5.3 3.7 14 142 
裴 0 2.5 5.6 2 14 25 
暱 0 3 4.9 2.3 15 108 
緘 0 1.9 5.6 2 15 162 
褒 0 2.1 4.6 1.8 15 25 
篡 0 1.9 6.1 2.5 16 142 
篤 0 2.2 4.4 2.5 16 142 
揄 0 2.7 4.9 1.8 12 269 
頷 0 2.7 6.2 2.4 15 57 
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罅 0 2 6.6 5.2 17 10 
藐 0 2.7 4.7 2.5 18 287 
繾 0 2.6 6.5 1.8 20 162 
騫 0 2.7 6 1.9 20 51 
攣 0 2.7 5.4 3.1 23 16 
勳 0 2.6 5.3 2.8 16 38 
Late Acquired, Transparent 
侄 0 4.2 4.8 3.8 8 219 
拎 0 5.9 4.1 4.9 8 269 
仵 0 3.4 5.2 4.1 8 219 
妓 0 5.8 4 4.8 7 121 
肘 0 5.6 4.5 5.3 7 149 
矽 0 5 5.1 3 8 114 
姣 0 4.5 4.3 4.1 9 121 
姻 0 5.4 3.5 5.4 9 121 
拴 0 5.7 5.8 2.9 9 269 
挪 0 5.3 4.4 1.7 10 269 
捅 0 5 4.2 5.1 10 269 
蚤 0 5.8 3.9 5.2 10 134 
硃 0 4.5 4.5 4 11 115 
斃 0 6.2 4.9 4.7 17 23 
鐲 0 5.4 4 5.3 21 213 
詛 0 4.7 4.4 2.9 12 153 
楂 0 5.2 4.6 3.9 13 274 
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楠 0 4.8 4.2 3 13 274 
煎 8.66 5.3 2.8 5.1 13 92 
蛻 0 5.6 4.7 4.3 13 134 
鈾 0 5.5 5.5 4.3 13 213 
鳩 0 6.2 5.8 4.8 13 108 
滲 0 5.3 4.2 4.9 14 355 
誣 0 4.8 5.1 3.3 14 153 
澎 0 3.9 4.5 3.9 15 355 
誹 0 5 5.2 3.8 15 153 
駒 0 2.6 5.3 2.8 15 51 
樵 0 6.1 5.1 4.3 16 274 
燎 0 5.7 4.5 3 16 92 
灶 0 5.7 4 5.5 7 92 
蹂 0 5.5 5.6 4.3 16 93 
餞 0 5.6 4.9 4.2 16 70 
糠 0 5.7 4.9 5.3 17 44 
撬 12.03 5.2 5.4 5 15 269 
餿 0 5.1 4.8 4.2 17 70 
蠍 0 5.8 4.5 6 19 134 
鱈 0 6 4.5 5.4 22 108 
笈 0 3.2 5.1 4.6 10 142 
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Appendix B – Examples of pseudo-characters 
 
 
 
 
 
 
 
 
 
 
 
 
 
Effect of age of acquisition and semantic transparency on character recognition 
 
 
34
Appendix C – ANOVA analysis 
 
 Tests of Within-Subjects Effects 
 
Source   
Type III Sum of 
Squares df Mean Square F Sig. 
aoa Sphericity Assumed 881702.429 1 881702.429 338.643 .000 
  Greenhouse-Geisser 881702.429 1.000 881702.429 338.643 .000 
  Huynh-Feldt 881702.429 1.000 881702.429 338.643 .000 
  Lower-bound 881702.429 1.000 881702.429 338.643 .000 
Error(aoa) Sphericity Assumed 104145.253 40 2603.631    
  Greenhouse-Geisser 104145.253 40.000 2603.631    
  Huynh-Feldt 104145.253 40.000 2603.631    
  Lower-bound 104145.253 40.000 2603.631    
st Sphericity Assumed 4886.981 1 4886.981 4.289 .045 
  Greenhouse-Geisser 4886.981 1.000 4886.981 4.289 .045 
  Huynh-Feldt 4886.981 1.000 4886.981 4.289 .045 
  Lower-bound 4886.981 1.000 4886.981 4.289 .045 
Error(st) Sphericity Assumed 45574.915 40 1139.373    
  Greenhouse-Geisser 45574.915 40.000 1139.373    
  Huynh-Feldt 45574.915 40.000 1139.373    
  Lower-bound 45574.915 40.000 1139.373    
aoa * st Sphericity Assumed 669.694 1 669.694 .693 .410 
  Greenhouse-Geisser 669.694 1.000 669.694 .693 .410 
  Huynh-Feldt 669.694 1.000 669.694 .693 .410 
  Lower-bound 669.694 1.000 669.694 .693 .410 
Error(aoa*st) Sphericity Assumed 38647.241 40 966.181    
  Greenhouse-Geisser 38647.241 40.000 966.181    
  Huynh-Feldt 38647.241 40.000 966.181    
  Lower-bound 38647.241 40.000 966.181    
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Appendix D – Regression Analysis 
 
 Variables Entered/Removed(a) 
Model 
Variables 
Entered 
Variables 
Removed Method 
1 AoA_sub . Stepwise (Criteria: Probability-of-F-to-enter <= .050, Probability-of-F-to-remove >= .100). 
2 AoA_obj . Stepwise (Criteria: Probability-of-F-to-enter <= .050, Probability-of-F-to-remove >= .100). 
3 F . Stepwise (Criteria: Probability-of-F-to-enter <= .050, Probability-of-F-to-remove >= .100). 
a  Dependent Variable: RT 
 
 
 Model Summary 
 
Model R R Square 
Adjusted R 
Square 
Std. Error of 
the Estimate 
1 .823(a) .678 .676 56.32990959 
2 .838(b) .703 .699 54.30203810 
3 .844(c) .712 .706 53.59938937 
a  Predictors: (Constant), AoA_sub 
b  Predictors: (Constant), AoA_sub, AoA_obj 
c  Predictors: (Constant), AoA_sub, AoA_obj, F 
 
 ANOVA(d) 
 
Model   Sum of Squares df Mean Square F Sig. 
1 Regression 1034999.851 1 1034999.851 326.184 .000(a) 
  Residual 491824.101 155 3173.059   
  Total 1526823.952 156    
2 Regression 1072722.405 2 536361.203 181.897 .000(b) 
  Residual 454101.547 154 2948.711   
  Total 1526823.952 156    
3 Regression 1087271.087 3 362423.696 126.153 .000(c) 
  Residual 439552.865 153 2872.895   
  Total 1526823.952 156    
a  Predictors: (Constant), AoA_sub 
b  Predictors: (Constant), AoA_sub, AoA_obj 
c  Predictors: (Constant), AoA_sub, AoA_obj, F 
d  Dependent Variable: RT 
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Appendix D – Regression Analysis (Cont’) 
 
 Coefficients(a) 
 
 Unstandardized Coefficients 
Standardized 
Coefficients   
 Model  B Std. Error Beta t Sig. 
1 (Constant) 441.116 11.938  36.951 .000 
  AoA_sub 54.121 2.997 .823 18.061 .000 
2 (Constant) 470.979 14.218  33.126 .000 
  AoA_sub 38.589 5.216 .587 7.399 .000 
  AoA_obj 55.982 15.652 .284 3.577 .000 
3 (Constant) 452.732 16.208  27.933 .000 
  AoA_sub 42.250 5.399 .643 7.825 .000 
  AoA_obj 56.051 15.449 .284 3.628 .000 
  F .026 .011 .113 2.250 .026 
a  Dependent Variable: RT 
 
 Excluded Variables(d) 
 
      
 Partial 
Correlation 
Collinearity 
Statistics 
 Model  Beta In  t  Sig.  Tolerance 
1 F .112(a) 2.160 .032 .171 .753 
  Img .075(a) 1.490 .138 .119 .804 
  Stroke -.096(a) -2.053 .042 -.163 .927 
  combinability .086(a) 1.895 .060 .151 .988 
  AoA_obj .284(a) 3.577 .000 .277 .307 
  ST_sub .091(a) 1.971 .051 .157 .953 
  ST_obj .095(a) 2.070 .040 .165 .962 
2 F .113(b) 2.250 .026 .179 .753 
  Img .062(b) 1.260 .210 .101 .799 
  Stroke -.053(b) -1.116 .266 -.090 .848 
  combinability .060(b) 1.339 .182 .108 .957 
  ST_sub .053(b) 1.132 .260 .091 .888 
  ST_obj .054(b) 1.153 .251 .093 .884 
3 Img .075(c) 1.538 .126 .124 .789 
  Stroke -.044(c) -.937 .350 -.076 .842 
  combinability .052(c) 1.158 .248 .094 .950 
  ST_sub .062(c) 1.348 .180 .109 .881 
  ST_obj .069(c) 1.488 .139 .120 .868 
a  Predictors in the Model: (Constant), AoA_sub 
b  Predictors in the Model: (Constant), AoA_sub, AoA_obj 
c  Predictors in the Model: (Constant), AoA_sub, AoA_obj, F 
d  Dependent Variable: RT 
 
 
